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RADIATING DEVICE FOR HYPERTHERMIA 

BACKGROUND OF THE INVENTION 
This invention concents a radiating device for hyper- 5 
thennia and, more particularly, a radiofrequency radiat- 
ing device, for hyperthermal treatment of tumors of the 
bladder. 

Devices for hyperthermal treatment of various 
human body illnesses are already known, and they use 
heating liquids, light radiations, radiofrequency anten- 
nas, thermistors, and so on. 

US. Pat No. 4,776,334 describes a catheter for treat- 
ing tumors by inserting within the tumor to be treated a 
radiofrequency device provided with temperature sen- 
sors. 

French patent application 2600203 concerns an appa- 
ratus for light irradiation of a cavity with the help of an 



inflatable balloon and of light i 

In U.S. Pat No. 4,154*246 there is described a radio- 20 
frequency resonating circuit which is introduced in 
natural cavities of the body or directly inserted into the 
tumoral mass. 

German patent application No. 2,843,636 claims 
usage of a heated liquid which is circulated in a closed 13 
loop by means of a pump within a body cavity, wherein 
_ . — \rj t .r-T*2 the liquid temperature is controlled by an external ther- * a #~ / / i—i 

t£T I i n 5s\ f moamEP.A-0 370 WO discloses a radiating ji«tbftlV^5^: LUMfyfcrf J 

' f A*- *U " — aevicc^or hyi>erthermia including a catheter provided^ 3 

Q L/ v with an balloon and adapted to receive one or 30 

gl more liquid flows passing therethrough, a radiofre- 

UJ plea, the radiating antenna being submerged within one 

fn said liquid flow coming back from the closed terminal 

end of the The radiating device comprises in 35 

™ = addition a separate rectal control means. 

^ OB-A-2 045 620 relates to an applicator for hyper- 

n j thennia comprising a rectal radiating probe and a 

:~ spaced apan transurethral catheter mcra^ 

y 3 tore sensing means and an inflatable balloon. U.S. Put 40 

No. 4,957,765 discloses a transurethral radiating apph- . 

-1-71 in "2 cator for hyperthermia including a multi-tubes baDoon rPC V\A n / 1 

Ti I / '/I Lj5 tre catheter cc^nriainn dosed ai irf cute respectively ^ V^lMpt> UW \SVVCS\ 

_j /% , sur ro un d in g a helical coil antenna and a temperature ^ — — ,. ~* 

p C *t sensor, as well as a pasaive drainage tube for urine. 45 

m It is an object o/ this invention to pro^ 

hyperthermal treatment of tumors within natural cavi- 

ties of the human body, which gathers the advantages of 
%! v. the known devices while being free from their draw- 

backs. 50 
SUMMARY OF THE INVENTION 
The device according to this invention substantially 

comp r ises a flaxmle triple path catheter carrying a ra- 

dio ft e q ueacy radhmng antenna, seahngry sheathed to- 55 

gether with me shielded cable providing power supply 

and with several t h ermoc o u pl es within a plastic casing 

and surrounded by a flow of liquid; a second path 

carries the power supply cables for several outer ther- 
mocouples, which are flooded by return flow of said 60 

liquid, and a third path allowing a fluid to flow through 

in order to inflate a balloon located near the catheter 

distal end, once the latter has been introduced into the 

cavity to be treated. 
This invention will be described more particularly in 65 

the following based on a specific embodiment thereof 

reported herein for exemplary and ncn limiting pur- 
poses, as well as on the attached schematic drawings. In 
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connection with the above it should be pointed out that 
in said drawings the parts shown are not to scale and the 
mutual dimensions are out of proportion, the members 
having in fact a very thin cross-section. 

5 BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 shows schematically, in an enlarged scale, the 
distal end of the device according to this invention, 
which has to be introduced into a natural cavity of the 
10 human body; 

FIG. 1A shows an enlarged schematic cross-section 
of the device according to this invention, taken along 
line A— A of FIG. 1; . 
FIG. 2 is a schematic of some structural details of a 
15 radiofrequency antenna shown in general within the 
device of FIG. 1; 

FIG. 2A shows a schematic enlarged cross-section of 
the radiating antenna, taken along line A— A of FIG. 2; 
FIG. 3 is a schematic of the proximal end of the de- 
20 vice affl^^g to this invention, opposite to the distal 
end shown in FIG. 1; 

FIG. 4 is a plot of the intensity of the radiation gener- 
ated by the radiating antenna of FIG. 2, along the longi- 
tudinal axis thereof; 
25 FIG. 5 shows schematically the distal end of the 
device of FIG. 1, as tt is seen after having been intro- 
duced into a urinary bladder; and 
FIG. 6 shows schematically the structure at the distal 
_ end of the device shown in FIG. 1, when ready for 
introduction into the organ to be treated. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The device according to this invention has a shape 
and consistency of a flexible catheter whose distal end, 
as it is shown in FIG. 1, encloses therewithin an antenna 
1 surrounded by a flow of liquid 2 which is introduced 
into the bladder through an opening 3 and, after being 

40 freely circulated within said bladder, is again sucked 
into the catheter through an opening 4. Said opening 4 
is in communication with a second way or catheter side 
channel S housing the leads of several thermocouples, 
like for instance 6, 6', 6" adapted to be deflected out- 

45 wards by inflating a balloon 7 in which a gaseous fluid 
or a liquid is made to flow through a third path or side 
rh»rm»1 g and through an end opening f. 

The catheter opposite (proximal) end (FIG. 3) whose 
tip is shown in FIG. 1, has three diverging inlets corre- 

50 spending to the three paths or channels 2, 5, 8 of said 
catheter. Within center inlet 10 there is inserted with a 
pressure fit a plug 11 provided with a center through 
passage and with a side branch 13; in center passage 12 
of plug 11 there is in turn pressure fitted a second plug 

55 14 which is provided as well with a center opening 15. 
Shielded cable 16 supplying power to antenna 1 runs 
through the center passages 12 and 15 of said two coaxi- 
ally arranged plugs, while side branch 13 is provided as 
an inlet and an outlet of a conditioning fluid flowing 

60 along channel 2 Thermocouple power supply cables 6, 
6', 6" are laid through side entrance 17 provided with a 
branch IS, and they run along side path or channel 5 
having said conditioning liquid flowing in a reverse 
direction therethrough, said liquid entering and exiting 

63 in turn through said branch 18. The other side entrance 
19 is provided with a one-way valve 20 for introducing 
the fluid that, flowing along second side channel 8, is 
used to inflate balloon 7. 
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. Slightly downstream from said three entrances 10, 17, 
19 there is provided, in a sleeve-like fashion and in inti- 
mate contact around the catheter body, a heat ex- 
changer 31, operated in a known fashion from outside, 
and used to cool or to heat said conditioning liquid 5 
flowing through central channel 2 and coming back 
through side channel 5, or viceversa. 

Referring now to FIGS. 2 and 2A, radiating antenna 
1 will be described more in detail; the useful radiating 
portion of linear dipole antenna 1 comprises a terminal 10 
coil-shaped segment 21 of central conductor 22 which, 
immediately upstream from coil 21 is tightly sur- 
rounded, in sequence, by a first plastic inner sleeve 23, 
by a metal braiding 24, by a second intermediate plastic 
sleeve 25, by a metal cylinder 26 electrically connected 15 
with shield 24, and eventually by an outer plastic sleeve 
27. 

Immediately beneath sleeve 27 there is provided the 
power supply cables for several thermocouples located 
in a way suitable to detect the operating temperatures in 20 
predetermined positions of the antenna and of the 
power supply cable thereof. For huttmcr, a first ther- 
mocouple 28 may be located in the position of the 
stretch of catheter which will be located at the prostatic 
urethra when the catheter with its antenna are inserted 25 
within the bladder, a second thermocouple 29 slightly 
upstream from antenna 1, at the bladder neck, while a 
third thermocouple 30 is located close to central con- 
ductor 22, between metal cylinder 26 and end coil 21, 
after having been wrapped with one or more coils 30 
around shield 24 immediately upstream from intermedi- 
ate sleeve 25 and metal cylinder 26, and a second time, 
with a larger number of coils, around the stretch of 
central lead 22 projecting out of metal cylinder 26 be- 
fore winding up to form end coil 21, the stretch of ther- 35 
mocouple 30 power supply cable connecting said two 
points being inserted with intimate contact between 
intermediate sleeve 25 and metal cylinder 26. 

In any case, the end stretches of the power supply 
cables, immediately ahead of the thermocouples, are 40 
wrapped in a number of helical coils in order to increase 
the thermal capacity and the radiofrequency resistance 
of the ends which are designated to detect the tempera- 
ture, while reducing to a minimum, or completely 
avoiding the dispersive thermal conduction along said 45 
cables. 

In FIG. 1A, which shows schematically a cross-sec- 
tion of the catheter according to this invention, taken in 
any position of the stretch going from heat exchanger 
31 to intermediate sleeve 25, there is shown side channel SO 
5 carrying the power supply cables of thermocouples 6, 
6', 6" and side channel 8 for the flow of the fluid used to 
inflate balloon 7, both said chimnete 5 and 8 being man- 
aged within the thjfiknm of the actual catheter whose 
inner bore 2 inten de d for the flow of the conditioning 55 
liquid carries, m a central position, shielded cable 16 
comprised of central conductor 22, inner sleeve 23, 
shield 24 and outer sleeve 27, as well as inner thermo- 
couples 28, 29 and 30 power supply cables (not shown). 

FIG. 2A is a schematic cross-section of antenna 1, 60 
taken along line A — A of FIG. 2. The following are 
shown therein, starting from the center: conductor 22, 
inner sleeve 23, metal shield 24, an intermediate sleeve 
25, a metal cylinder 26, and outer sleeve 27, as well as 
thermocouple 30 power supply conductor. 65 

FIG. 4 is a diagram showing the radiation intensity 
starting from the coil-shaped end 21 of antenna 1 
towards shielded power supply cable 22, 16. As it is 



Euosityiis a muumum when passing from radi- 

ating coU 21 to ^^f^J?^^S 




26, and it tends to nil at the position of shielded cable 16. 
There b shown schematically in FIG. 5 the iongxtudi- 
5 nal section of the catheter provided with a radiating 
antenna according to this invention, once it has been 
introduced into the bladder, in an operative condition. 
The catheter, carrying the radiating antenna tbere- 
withm, is introduced into bladder 32 through the ure- 
10 thra, in such a way that the rear end of protective metal 

cylinder 26 is located approximately at tte bladder j J 

T \n \ \n ~\ t> neck, in the transition area betweenCn^sg^ and ^jjZJ^ CpfO&TW* 

' 'U olao^ 32, white simmt^^ 

V ™ catheter front end does not subject the bladder internal 
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g§mCWl uwuk h i m - ——j 

wall to any pressure. Once the catheter has been intro- 
duced into the bladder in such a way, one actuates the 



, supply pump of conditicming liquid 2 prefejraWy^an^ i^^i t »+N 

P7| mt" prisms ablution of a selectiv^toxk^ubslance, gj1*w»i 3 

I My J / y J-j which is accordingly forced to circulate through the 

20 bladder coming out from opening 3 and going back 
through opening 4, or vicevem, along side channel 5 
which carries the power supply cables of thermocou- 
ples 6, 6\ 6" therewithal. The liquid forced circulation, 
provided by the variable flowrate supply pump, suitably 
25 combined with an cuter baiaucmg mid degassmg ch^ 
ber,alk>wsthevdumeoflkraidwithm 
balanced at wuX in such a way as to co mpens ate the 
pathological or physiological urine production, while 
thoroughly ejecting the gases generated or unwillingly 
30 introduced mdrculaticm^ 

prevent irradiation non-untfcrinrties which would oth- 
erwise be caned by coeMtance of anisotropk media. 
Once bladder 32 has been completely fitted wim con<fa- 
tknring liquid 2, baBon 7 is inflated by introducing a 
35 fluid, which may be a gas but it is preferably a liquid, 
along side charmel 8 and through the end opening 9 
thereof, ballon 7 inflated as mentioned above, pushes 
then agamrt outer thermccc*^ 6" power supply 
cables thereby moving said thermocouples into tangen- 
40 tial engagement against bladder wall 32 in different 
positions, in order to detect the temperaium prevailing 
therein as caused by fcradiation g«erated by antenna 1 
The pfi ffWlity^^r"g **** Iftearim and the number 
of the outer thermocouples, enables the thermocouples 



45 to be pcahioned at wuX on the bladder wall, 



45 to be posifio»»«^ 
0~[ 11 1 112 fcaselof the body orfinw^u^ 
f0 -P ' 11 ll l/Y^t Wvidually check the temrxraturesm^ vari^ loca- 

t Hon*. The h 



toons. The inflated balkm 7 protects the bladder neck 
wall from an excess heat caused by the proxnnity of the 
SO radiating antenna, and in the mean! hue it prevents the 
~f*-*mr from being accidentally displaced or from 
coming out through the bladder neck. 

The rfi » t » ,> " fw M of antenna 1 are such that it may be 
freely r m t it^~^ along the catheter while being obvi- 
55 ously wholly contained within the human bladder to be 
treated, but in the meantime they must be suitable to 
1» a therapeutically active radiation, in order to 
reach the temperatures c ousider ed lethal for the cancer 
cells. Since the physical length of an antenna is related 
60 to the virtual electrical length thereof through an equa- 
tion involving the utipedence of said antenna, as well as 
the jn r~ Uwft » deriving from the environment irradi- 
ated by the antenna, the antenna dectrical length comes 
out to be inversely proportional to the irradiated me- 
dium conductivity. Accordingly, since the conductivity 
of an aqueous solution ts for instance many times higher 
than the cxmductrvity of air, when operating in an aque- 
ous environment it is possible to use an antenna which » 
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physically quite shorter than the length seeded if it 
were necessary to operate in air. 

The dipole according to this invention corresponds to 
a dipole of the quarter wave type and in the aqueous 
environment com pri si n g the solution filled bladder, it 5 
makes it possible to operate at frequencies in the range 
of 900-1000 MHz; in particular, a frequency of 913 
MHz has been chosen since very different frequencies 
would result in penetration, intensity, and other effects 
not always exactly predictable and controllable in the 10 
body tissues, since in general high frequencies have a 
low penetration power and therefore they do not pro- 
vide the desired local heating, while lower frequencies, 
having a higher penetration power, may get deeper 
tissues involved and damaged. 13 

On the other hand, radiations having different wave* 
lengths might create a disturbance for radio and tele- 
phone communications, protected by constraints im- 
posed by the legislations of the various countries. 

In order to reduce to a minimum and possibly to nil 20 
the influence of the radiofrequency field on the thermo- 
couples, as well as the various thermoelectric effects 
connatural with said thermocouples, the supply cable 
end stretches close to the thermocouples are wound 
into an helical shape whereby the temperature mea- 23 
sured in the various sensing points is a retiabfe data, 
unaffected by said The above sUuclur e con- 

struction prevents measuring errors due to con duc tio n , 
it provides a reliable temperature mdratiori, for in- 
stance exactly in the area of the dipole power supply 30 
position in the case of thermocouple 3t\ and it reduces 
in an extremely effective manner the thermocouple 
self-heating process due to radfofrequendet, also when 
there is an extremely high concentration of energy, 
whereby said structures are almost imafifoctnri by the 35 
disturbances in die radio-frequency field. 

Since the sizes, and in particular the crosi se cti o n! of 
the plural device components a ccor di ng to this inven- 
tion must be extremely small to suit the particular field 
of use desired for the device, the energy losaes due for 40 
instance to self-heating of the antenna power supply 
cable are particularly high, for instance in the range of 
2(M0%. Since this undesirable self-heating, due to the 
Joule effect, might cause excessive heating of the ure- 
thral walls, and accordingly a dlacoeifort 45 
subjected to treatment, or even damagrt to the tisanes, 
the antenna cable, and the antenna itself are continu- 
ously cooled, whOe in operation, by using the condi- 
ri^—fag liquid flow directed to the bladder and then 
withdrawn again th ere fr o m , whereby a simultaneous 50 
control acta is obtained, for controflnuj the temperi- 
ture prevatteg both m the liquid within the bladder and 
along the urethra. Temperature control is effected by 
variation* of the conditioning liquid supply flow and of 
the cooling source tenmerature. In such a way it is 55 
poesmk both to increase the temperature and to with- 
draw heat 

In order to enable outer thermocouples 6, V t €* for 



dft ffrt ing the bladder watt temperatnr£-4&--be^Safely ~\ < r-* r . , - . 

C deflected outwards when^efloiHS^b inflated, the 60 DS&S^ Lv^ ' h nViJ 
power supply cables thereof are remforced along their 1 : > ■ ^ 



whole length by inserting within the protecting sheath 
thereof a thin stainless steel wire providing them with 
the inquired rigidity and flexibility. The pres ence of said 
reinforcing wire provides as weUrbeT thermocouple 
power supply cables with the mechanical strength nec- 
essary to bear the co mpr e ssi ve and tensile stresses 
[ when the cables are inserted within side channel 




6 

5, and when thermocouple 6, 6\ 6" are laid in the de- 
sired locations. 

When the catheter, provided with all its components, 
is introduced into the urethral channel, all the way to 
5 the bladder, the ends of outer thermocouples 6, 6, ft 
projecting upstream of balloon 7 through opening 4 are 
temporarily locked by inserting them, downstream of 
balloon 7, in one or more notches provided, as the case 
may be, in suitable positions according to the different 
10 body organ or the particular patient to betteate^dose 
to the catheter end, as it is shown in FIG. 6. When 
balloon 7 is inflated it causes the thermocouple ends to 
come out from the notches and then to deflect outwards 
until the thermocouple tips come into engagement witn 
13 the bladder wall. The particular outwards deflecting 
system of thermocouples 6\ 6', 6" causes the ends of the 
respective power supply cables comprising the actual 
thermocouple, to tangentiaUy engage the bladder wall, 
whereby no excessive concentrated pressures are gener- 
20 ated. On the other hand, the tangential position taken by 
the thermocouple tips when contacting the bladder 
wall, makes it possible to measure the actual tempera- 
ture of the wall position considered m that at the bcnind- 
ary between said wall and the liquid filling the bladder 
25 there is a thin liquid layer substantially statwnary, 
which is not affected by the liquid circulation i withm the 
bladder, since it clings to the tissue because of a physical 
attraction, while the coil shape of the cable terminal 
stretches increases the thermal capacity of the thermo- 
30 couple whose diameter, inclusive of the coils, is less 
than 0,7 mm whereby the thermocouple is completely 
submerged withm the liquid stationary layer having a 
thickness of approximately 1 mnx 
After the thermocouples have been deflected out- 
35 wards within the bladder, it is stfll possible to modify 
r their location by performing pushing and/or pulling 

S actions on the reinforced power supply cables, as men- 

w tioned above, and possibly by routing the catheter 

yn containing them. Control of the temperature detected 

40 on the bladder walls and/or within the circulating bq- 
" uki mass, is obtained by changing the flowrate of said 

liquid from few cubic centimeters per minute to several 
tens of cubic centimeters per minute- The circulated 
fluid circulating system prevents permanence or forma- 

bladder or through the circuit, in that an* or other gas 
bubbles having possibly formed or being already pres. 
ent, are entrained out by the continuous flow and ex- 
hausted to the outer environment in an appropriate JL~1 
30 position of the outer pumping circuit In acjiiaon, the Lb/eS(VW5_J 

liquid circulation provided as above pp^stheim^ *yU*>^*2& *-P f r ^ 1 

t+nn* and the environment thereof from overneariiSgr 
therefore from causing undesirable reactions within the 
circulating liquid. 
55 It is pointed out herein that afl the antenna and ther- 
mccouScomponents contacted by the liquid circulat- 
ing within the bladder are sealingly lined and insulated 
£om the outer environment by a polytetrafluoroethyl- 
cne layer whereby, after each usage and application 
60 they may be sterilized for subsequent further use. 



